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Materials  Applications  Research  within 
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Motors  Material  Applications 


“Seated  within  the  Propulsion  Directorate  of  the  Air  Force 
Research  Laboratory,  the  Material  Applications  Branch  has 
as  its  Mission  to  Apply  and  Transition  Materials  Technology 
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Scale-up  and  Commercialization  of  POSS 
Nanotechnology 


Rapid  Densification  of 
Carbon-Carbon 
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Carbon-Carbon  part  densified 
in  less  than  two  weeks 
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With  Gas  Phase  Processes  There  Is  Incomplete  Penetration  of  the 
Gases  Due  to  Their  Decomposition  on  the  Outer  Surface 


SHP1  2bTARA  MAROl.ppt 


co 

CO 

HH 

h— 1 

ti 

6J) 

<D 

Oh 

O 

GO 

Vh 

GO 

fin 

<D 

O 

O 

o 

Ph 

fl 

o 

High  Char  Yield  Needs  High  Molecular  Weight 

Low  Viscosity  and  Wetting  Require  Low  Molecular  Weight 


In-Situ  Formation  of  Carbon 
and  Ceramic  Matrices 
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Compatible  With  Vapor-grown  High-conductivity  Fibers 

-  Dual  Use:  Carbon-Carbon  Brakes  and  Electronic  Thermal 

Management 


Accomplishments 
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Technology  Transfer  to  SMJ  Carbon 
is  ongoing  with  a  cooperative 
research  agreement. 


Microdevice  Fabrication  and 
Micropropuision 


Heat  exchangers,  sensors,  ducts  and  valves  have  all  been  successfully 
made  using  this  process 


Anatomy  of  a  Polyhedral  Oligomeric 
Silsesquioxane  (POSS®)  Molecule 
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Precise  three-dimensional  structure  for  molecular  level 
reinforcement  of  polymer  segments  and  coils. 


POSS® 

Completely  Condensed _ Incompletely  Condensed 


>180  POSS  Monomers  are  commercially  available!! 

www.hybridplastics.com 


Functionalized  POSS®-Monomers 


Hybrid  Plastics  currently  offers  over  180  Nanostructured™  Chemicals 
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Lichtenhan  et.  al.  Macromolecules  1993,  26,  2141. 
Lichtenhan,  Polym.  Mater.  Encyclopedia  1996,  10,  7768. 


SS®  Polymer  Incorporation 


POSS  Blending 


Structure/Property  Relationships 


Norbornenes 


Cyclohexyl  or  Cylcopentyl 


Diblock  POSS®-Norbornenes 


Pat  Mather,  AFRL 


fEM  of  Random  POSS®-Norbornenes 
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Since  the  glass  transition  improvement  is  almost  double  when  R-cyclohexyl,  then 
cyclohexyl  POSS-rich  domains  may  entrain  more  unoriented 
polynorbornene  chains  than  Cyclopentyl  POSS-rich  domains. 

— ~ ~~  '  —  Pat  Mather,  AFRL 


Thermo/Mechanical  Improvement  of  Polymers 


Maxdem's  PARMAX™  polymer 


Importance  of  R  groups:  Affect 
compatibility  with  polymer  matrix 

50  Wt  %  FOSS  Blends  in  2  Million  MW  PS 


Immiscible  POSS  Crystallites  Complete  Compatibility- 

POSS  Nanodispersion/Transparent 

Blanski,  et  al..  Polymer  Preprints ,  2000.  41(1):  p.  585. 


DMA  of  10  Wt%  POSS®  in  isotactic 

Polypropylene 


Temperature  *C  Andre  Lee>  AFRL 


Styrenes  (R  =  Cyclohexyl) 


Temperature 


POSS®  Materials  for  Space 

Critical  for  Increasing  Lifetime 


-  LEO,  AO,  VUV,  Impact  state  of  art 

•  Lower  Density  ‘Filler’  •  Even  better  AO/VUV  resistance 

•  High  Modulus  •  Passivation  layer  demonstrated 

•  Resins  for  all  Structural  Applications 


POSS®-Kapton®  Polyimides 


Space-Survivable  POSS®-polymers 


290  285  280  404  402  400  398  396  535  530 

Binding  Energy  (eV)  Binding  Energy  (eV)  Binding  Energy  (eV) 


Independent  Verification  of  Oxidation  Resistance 


Scanning  Length  (mm) 

Significantly  improved  oxidation  resistance  due  to  a  rapidly  formed,  ceramic¬ 
like,  passivating  and  self-healing  silica  layer  preventing  further  degradation  of 
underlying  virgin  polymer.  29 


Commercialization: 
PQSS®-Technology  Timeline 
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Chemistry  Polymers  Commercial  Solutions 
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Viscosity  Modifiers  Metathesis  Drug  Delivery 

Processing  Aids  Epoxidation  Medical  Prosthetics 

Fire  Retardants  Ligands  Pharmaceuticals 

Performance  Additives  Supports  Antifungal  Agents 

Corrosion  Resistance 


